Abstract A finite element-based thermoelastic anisotropic stress model for hexagonal silicon carbide polytype is developed for the calculation of thermal stresses in SiC crystals grown by the physical vapor transport method. The composite structure of the growing SiC crystal and graphite lid is considered in the model. The thermal expansion match between the crucible lid and SiC crystal is studied for the first time. The influence of thermal stress on the dislocation density and crystal quality is discussed.
Introduction
The growth of silicon carbide bulk crystals has made a significant progress in recent years. SiC wafers of 2 inches and 3 inches in diameter are now available for the fabrication of electronic and optoelectronic devices operating in high power, high temperature, high frequency and intense radiation conditions. Physical vapor transport (PVT) method is the most commonly-used technique for the growth of bulk SiC single crystals [1] . The process modeling of PVT growth is a powerful tool for the optimization of growth process
The project supported by the National Natural Science Foundation of China (10472126) proposed a numerical scheme for the calculation of electromagnetic field originated by the induction heating. Chen et al.
[4] for the first time proposed a growth kinetics model which assumes that the growth rate is proportional to the supersaturation of the SiC vapor species at the growth interface and the growth rates in a 75 mm growth system were predicted. Thermally induced stresses in the growing crystals were calculated in past years [5] [6] [7] [8] [9] . The dependence of thermal stress on growth conditions and the influence of thermal stress on dislocation formation were studied. However, in all the above models, only the SiC crystal was considered in the calculation of thermal stresses, and the thermal expansion match between SiC single crystal and graphite crucible lid was not studied. Since physical properties such as elastic constants and thermal expansion coefficient of SiC differ from those of graphite, the crucible lid should be considered in the calculation of thermal stresses in SiC crystals.
In this paper, thermally induced stresses in the growing SiC crystals in a 2-inch growth system are calculated by using a finite element-based thermoelastic anisotropic model. The composite structure of the SiC crystal and crucible lid is considered in the calculation of thermal stresses.
Physical and mathematical model
In the growth of SiC crystals by the physical vapor transport method, SiC charge powder is usually put in a graphite crucible where a high temperature in the range of 1800
• C-2600
• C is achieved by induction heating.A typical schematic of the growth chamber in the physical vapor transport growth of SiC crystals is shown in Fig. 1 . When argon pressure is lowered from the atmospheric pressure to a certain growth pressure, the SiC charge at a higher temperature sublimates, the vapor species then goes upward and deposits on the seed with a lower temperature to form a SiC crystal. Due to nonuniformity of temperature distribution in the SiC crystal, thermal stresses are induced, which can cause plastic deformation and generation of dislocation during the growth process. Therefore it is very important to calculate the thermal stress distribution in the SiC bulk crystal in order to understand the mechanism of defect formation such as cracks, micropipes, dislocations and residual stresses. Since geometry and temperature distribution are axisymmetric, and 4H/6H-SiC is isotropic in the basal (0 0 0 1) plane, the thermal stress distribution can be considered as axisymmetric. By setting the zaxis of the coordinate system parallel to the crystallographic c-axis with z = 0 at the top of crucible lid (see Fig. 1 ), only the normal stress components σ rr , σ φφ , σ zz and shear stress component τ rz need to be considered with τ rφ = τ zφ = 0. For the calculation of thermal stresses, the following equilibrium equations are used for the composite structure of SiC crystal and crucible lid: 
1 r ∂ ∂r (rτ rz ) + ∂σ zz ∂z = 0.
The constitutive relation for a thermoelastic anisotropic body is taken as [10] 
